The nutritional requirements of the tumor-inducing phytopathogenic bacteria and soil saprophytes which Conn (1942) has placed in the genus Agrobacterium have received somewhat more attention than have the requirements of most of the other groups of plant-disease bacteria. It is clear from the literature (Sagen, Riker, Lyneis, and Locke, 1941; Hofer, 1941 ) that the crown-gall bacterium, Agrobacterium tumefaciens, and the common soil saprophyte, Agrobacterium radiobacter, grow well in solutions containing only ammonium or nitrate nitrogen and any of a number of carbon sources.
The nutritional requirements of the tumor-inducing phytopathogenic bacteria and soil saprophytes which Conn (1942) has placed in the genus Agrobacterium have received somewhat more attention than have the requirements of most of the other groups of plant-disease bacteria. It is clear from the literature (Sagen, Riker, and Baldwin, 1934; Riker, Lyneis, and Locke, 1941; Hofer, 1941 ) that the crown-gall bacterium, Agrobacterium tumefaciens, and the common soil saprophyte, Agrobacterium radiobacter, grow well in solutions containing only ammonium or nitrate nitrogen and any of a number of carbon sources.
On the other hand, the remaining two species at present in this genus, the hairy-root organism, Agrobacterium rhizogenes, and the cane-gall bacterium, Agrobacterium rubi, are reported to have somewhat more complex nutritive requirements. For example, Sagen, Riker, and Baldwin (1934) summarize their study of A. rhizogenes by stating that it "seems to lack the ability of P. tumefaciens and B. radiobacter to utilize the simpler nitrogenous compounds." Similar observations are recorded for A. rubi by Pinckard (1935) and Hildebrand (1940) . Inasmuch as knowledge of the exact nutrition of this group may be useful in interpretations of the systematics and general physiology of the genus, as well as provide source material for eventual evaluation on the possible interrelationship of microbial nutrition and virulence (McNew, 1938; Van Lanen, Baldwin, and Biker, 1940) The technical details were similar to those in the previous study in this series (Starr, 1946 Most of these A. tumefaciens strains induced typical galls when inoculated3 by pin pricks into the crowns of sugar-beet plants (Suit, 1933) ; however, TT5, TT10, and TT11 did not cause gall formation in repeated trials.
All cultures of A. radiobacter and A. tumefaciens grew luxuriantly within a day or two in the NH4Cl, glucose, and salts basal medium, except that culture TT10 grew somewhat more slowly than the others. Larger crops, and slight increases in growth rate (marked in the case of TT10), resulted from the addition of 0.5 per cent of "vitamin-free" casein hydrolyzate to the basal medium. This stimu-2 Per 100 ml of basal medium: NH4Cl, 0.1 g; KH2PO4, 0.2 g; MgSO4.7H20, 0.02 g; "trace" elements; distilled water; adjusted to pH 6.8 with NaOH. Separately sterilized, purified glucose (0.5 per cent) was added aseptically to the sterile salt solution. 3 The co-operation of Dr. W. A. Campbell, Special Guayule Research Project, Salinas, California, in conducting the pathogenicity tests, is gratefully acknowledged.
[VOL. 52 latory effect is due, in part at least, to the maintenance of a favorable hydrogenion concentration, close to neutrality, in the casein hydrolyzate medium. Cultures in the unsupplemented basal medium become acid rapidly, the pH dropping to the presumably growth-inhibiting level of about 4.2 in a day or two. The addition of 0.1 per cent of synthetic dl-glutamic acid to the basal medium also resulted in larger crops, although the increase was not so marked as with casein hydrolyzate, and caused TT10 to grow as rapidly as the other cultures. A mixture of seven B vitamins4 added to the casein hydrolyzate medium similarly increased, very slightly, the initial growth rate of all these cultures, probably, as McIntire, Riker, and Peterson (1941) have shown, because of the content of thiamine, riboflavin, and pantothenic acid. However, no further attention was directed to the exact evaluation of these but slightly stimulating nutrilites. The virulence of these cultures was tested (Suit, 1933) by inoculating them into the crowns of sugar-beet plants by means of pin pricks. From 4 to 6 plants were used per culture in each trial, and the series was carried out three times. Culture TR7 was able to induce typical hairy-root symptoms most readily of the four isolates; TR12 and C-10 caused somewhat less severe hairy root in only part of the plants used, and the symptoms were rather delayed; TR16 was pathologically more like the crown-gall organism and always yielded galls rather than hairy root on sugar beet. This last culture was received as number T37 and may be descended from the culture of the same designation with which Hendrickson, Baldwin, and Riker (1934) Figure 1 shows the quantitative response to biotin in the glutamic acid medium. Biotin could be substituted by the hydrosulfate of 3 ,4-diamino-tetrahydro-2-thiophenevaleric acid, but not by pimelic acid.
The finding of an obligate biotin requirement for A. rhizogenes explains the difficulty encountered by Sagen, Riker, and Baldwin (1934) , Riker, Lyneis, and Locke (1941) , and Hofer (1941) in culturing this species in media which lacked peptone or yeast extract. The glutamic acid medium, supplemented by biotin in concentrations ranging from 0.1 to 100 millimicrograms (m,ug) per 100 ml, was inoculated and incubated, with constant shaking, for 4 days at 28 C, at which time the "turbidity" was measured. The "optical density" at 100 m,g was the same as at 30 rng.
The use of a calcium glycerophosphate medium for distingushing A. rhizogenes from A. tumefacienrs and A. radiobacter has been recommended. The hairyroot organism reportedly fails to grow (Riker, Banfield, Wright, Keitt, and Sagen, 1930; Sagen, Riker, and Baldwin, 1934) , but the crown-gall bacterium and A. radiobacter make abundant growth. Inasmuch as it seemed likely that the failure of A. rhizogenes to grow in this biotin-free glycerophosphate medium merely mirrors its inability to develop in the absence of biotin and glutamic acid, the A. rhizogenes isolates were cultured from small inocula in the glycerophosphate mediums used by Riker et al. (1930) , and with additions of biotin, of glutamic acid, and of both biotin and glutamic acid. These experiments may be summarized as follows: (1) There was no growth in the unsupplemented glycerophosphate medium or when glutamic acid alone was added. (2) There was slow growth when biotin alone was added. (3) There was good development in the glycerophosphate medium with both biotin and glutamic acid. The unsupplemented glycerophosphate medium supported good growth of all cultures tested of A. tumefaciens and A. radiobacter, entirely in accordance with the findings of previous investigators. There can be no doubt, then, that the modus operandi of the glycerophosphate medium test results from the fact that the nutrilite needs of A. rhizogenes are not satisfied by that medium. The response to nicotinic acid was measured in the presence of 10 ,ug per cent of calcium pantothenate and 100 millimicrograms (m,ug) per cent of biotin; the response to calcium pantothenate, in the presence of 10 ,ug per cent of nicotinic acid and 100 mug per cent of biotin; and the response to biotin, in the presence of 10 Mg per cent each of nicotinic acid and calcium pantothenate. These media were incubated, with constant shaking, for 4 days at 28 C, at which time the "turbidity" was measured. The plotted values are the averaged "optical densities" of duplicate determinations.
This may be the place to comment on an experiment described by Hendrickson, Baldwin, and Riker (1934) in which the relation of the growth of A. rhizogenes to the oxidation-reduction potential of the medium was being considered. In one trial A. rhizogenes was cultured in an agar medium which was somewhat deficient in the necessary nutrilites, although sufficient growth factor was supplied by the agar so that some growth did occur. Hendrickson, Baldwin, and Riker (1934) go on to state that "when the oxidation-reduction potential of the medium was increased by the addition of 0.1 gram of potassium permanganate per liter ... the hairy-root cultures either failed to grow or produced only slight growth below the surface." Inasmuch as biotin activity is destroyed by oxidizing agents (Melville, 1944) , the inactivation of this needed factor might be considered as an alternative explanation of this experiment.
Agrobacteri'am rubi. Two isolates of this species were available for study; both (TR2, TR3) were obtained from E. M. Hildebrand, Ithaca, New York, in 1942, and both induced gapl formation readily by inoculation, through pin pricks, into young stems of a bramble and into sugar-beet crowns. Neither of these cultures grew in the basal medium alone, or when "vitamin-free" casein hydrolyzatemwas added. By a process similar to that described above, it was learned that this species requires obligately three nutrilites for development in the casein hydrolyzate medium, viz., biotin, nicotinic acid, and calcium pantothenate. In the presence of these required growth factors, 0.1 per cent of synthetic dl-glutamic acid could replace the casein hydrolyzate. There was no growth in the basal medium plus the three vitains alone. The response of A. rubi to each of the required vitamins in the glutamic acid medium is shown in figure 2. Biotin could be replaced by the hydrosulfate of 3,4-diamino-tetrahydro-2-thiophenevaleric acid, but not by pimelic acid; nicotinic acid was replaceable by nicotinamide; pantothenate was not replaceable by pantoyl 1-lactone, 13-alanine, or a mixture of the two.
The obligate requirement of A. rubi for the three vitamins and glutamic acid throws some light on the poor growth obtained by Pinckard (1935) , Hildebrand (1940) , and Starr and Weiss (1943) Bact., 1923 Bact., -1936 .
Agrobacterium gypsophilae and Bacterium pseudotsugae. [voL. 52 Application of these findings to the taxonomy of this group would depend upon examining a larger sampling of these species to discover the range of variation with respect to exact nutritional requirements. In any case, the use of a nutrilite requirement as a determinative character in systematic microbiology must take into consideration the mutability of microorganisms in this regard. The potentialities in this group, however, appear promising in view of the consistent, reproducible results. Inasmuch as the literature recommends that the general fastidiousness of A. rhizogenes and A. rubi can aid in the identification of these species, it appears likely that the present disclosure concerning the exact nature of the specific nutrilite requirements would possess even more value in this connection.
The incorporation of the required nutrilites in basal media would make possible a study of the carbon metabolism of the fastidious species without possible interference from the yeast extract supplement used by Conner, Riker, and Peterson (1937) and Hofer (1941) . Also, it would now be possible to determine, in adequately composed basal media, whether specific differences exist between the ability of the representatives of the genus Agrobacterium to utilize certain carbon compounds.
This knowledge might be used in the isolation of these species from plant materials, by preparing isolation media containing only the minimal nutrients for the species under investigation. In this way interference from contaminating organisms having more complex and different nutrient requirements would be avoided.
SUMMARY
The nutritive requirements of members of the genus Agrobacterium were determined under specified experimental conditions. By this means the previously reported ability of A. radiobacter, A. tumefaciens, and A. gypsophilae to grow in simple media was verified by using a medium containing NH4Cl, other inorganic salts, and separately sterilized, purified glucose. The inability of A. rhizogenes, A. rubi, and Bacterium pseudotsugae to grow in this medium was traced to obligate nutrilite requirements, viz., A. rhizogenes, biotin and glutamic acid; A. rubi, biotin, nicotinic acid, calcium pantothenate, and glutamic acid; B. pseudotsugae, biotin and some as yet unidentified component of "vitamin-free" casein hydrolyzate.
The utility of these findings in the systematics of the group is discussed.
